SIN3
Introduction
Histone acetylation levels are regulated by the opposing activities of histone lysine (K) acetyltransferases (KATs) and histone deacetylases (HDACs). The SIN3 complex is one of two major class I containing HDAC complexes present in cells (Ayer, 1999) . The corepressor SIN3 and the HDAC RPD3 (HDAC1 and 2 in mammals) are two important components of the multi-subunit complex (Silverstein and Ekwall, 2005) . Mutations in either SIN3 or RPD3 result in lethality in both Drosophila and mouse model systems (Cowley et al., 2005; Dannenberg et al., 2005; David et al., 2008; Neufeld et al., 1998b; Pennetta and Pauli, 1998) . Accordingly, establishment and/or maintenance of histone acetylation levels are critical for metazoan development and viability. SIN3 has been shown to be important for cell proliferation. In Drosophila tissue culture cells, reduction of SIN3 protein expression by RNA interference (RNAi) resulted in a G2 phase delay in cell cycle progression (Pile et al., 2002) . A comparison of gene expression profiles from wild type and RNAi-induced SIN3 knock down cells revealed differences in expression of genes encoding proteins that control multiple cellular processes, including cell cycle progression, transcription, mitochondrial activity and signal transduction (Pile et al., 2003) . Expression of two genes critical for the G2/M transition of the cell cycle, String (STG) and cyclin B (CycB), was reduced in the SIN3 knock down tissue culture cells. STG is the Drosophila homolog of Schizosaccharomyces pombe Cdc25, a conserved protein phosphatase that dephosphorylates and activates the cyclin dependent kinase, Cdk1 (also known as 0925-4773/$ -see front matter Ó 2009 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2009.10.003 DmCdc2), which is critical for entry into M phase O'Farrell, 1989, 1990; Moreno and Nurse, 1991) . CycB interacts with Cdk1 and promotes the G2/M transition (Edgar et al., 1994; Nigg, 1995; O'Farrell et al., 1989) .
In mouse, knock out of either SIN3 gene, mSin3a or mSin3b, by gene disruption revealed links to cell cycle regulation. Analysis of SIN3-deficient mouse embryonic fibroblasts (MEFs) indicated that mSin3A is important for cell proliferation (Cowley et al., 2005; Dannenberg et al., 2005) . The mSin3A-deficient MEFs exhibited reduced proliferative capacity relative to their wild type counterparts. Analysis of the DNA content of the MEFs indicated a reduction in the number of cells in S phase with an increase in the number of cells in the G2/M phase of the cell cycle. Although mSin3b is highly similar to mSin3a, the proteins are non-redundant as loss of either gene by targeted gene disruption resulted in embryonic lethality (David et al., 2008) . Furthermore, mSin3B-deficient, but not mSin3a-deficient, MEFs proliferated similarly to the wild type cells under standard culture conditions (David et al., 2008) . Upon serum starvation, however, wild type cells ceased to proliferate while the mSin3B-deficient cells continued to cycle, indicating that mSin3B is necessary for cell cycle exit at the start of differentiation (David et al., 2008) .
Null mutations in Drosophila Sin3A result in embryonic lethality with only a few animals surviving to the first larval instar stage (Neufeld et al., 1998b; Pennetta and Pauli, 1998) . Using an RNAi conditional mutant, we determined that SIN3 is also necessary for post-embryonic development (Sharma et al., 2008) . To study the role of SIN3 during the process of cellular proliferation and differentiation, we utilized an RNAi conditional mutant to eliminate SIN3 in wing imaginal disc cells. We analyzed SIN3 knock down cells during larval and adult stages of development. Loss of SIN3 resulted in fewer cells in the wing blade and a curled wing phenotype in the adult. The curly wing phenotype was partially suppressed by overexpression of the cell cycle regulator STG and its target Cdk1. These data suggest that SIN3 and G2 to M regulators work in a similar pathway to affect cell cycle progression.
Results
The requirement of SIN3 for viability has hampered investigations into the role of this protein during post-embryonic development. To study the role of SIN3 in a developing organism, we generated a conditional knock down transgenic fly designed to reduce expression of SIN3 (Sharma et al., 2008) . In Drosophila, conditional knock down can be achieved by developmental stage specific induction of RNAi using the GAL4-UAS system (Duffy, 2002; Lee and Carthew, 2003) . The transgene UAS-SIN3
RNAi drives expression of an inverted repeat of the SIN3 transcript (Fig. 1A) . The dsRNA produced by the inverted repeat targets degradation of endogenous SIN3 mRNA leading to loss of SIN3 protein (Fig. 2) . To ensure that any observed phenotypes are due to loss of SIN3 and not due to an off target effect (Ma et al., 2006) , we generated two SIN3 targeting constructs, each targeting distinct regions of the SIN3 transcript. Progeny resulting from the cross of UAS-SIN3 RNAi lines to GAL4 driver lines are referred to as SIN3 knock down flies. To investigate the role of SIN3 in cell cycle progression in the context of a developing tissue, we eliminated SIN3 specifically in the wing imaginal disc, a system well suited to the study of cell cycle regulators (Milan et al., 1996a, b) . 2.1.
Mutations in regulators of histone acetylation affect wing development
To determine if SIN3 is required for normal wing development, several UAS-SIN3
RNAi transgenic lines were crossed to various driver lines that express GAL4 in the wing imaginal disc. The SIN3 knock down progeny of these crosses were screened for wing phenotypes. Loss of SIN3 in the wing imaginal disc produced SIN3 knock down progeny having curly wings (Fig. 1) . Using the engrailed (en) GAL4 driver, we observed the curly wing only in the posterior wing compartment, which reflects the expression pattern of en. This finding is consistent with the cell autonomous nature of RNAi in Drosophila (Roignant et al., 2003) . The finding that SIN3 knock down using various drivers, some of which drive GAL4 expression in both the dorsal and ventral compartments, resulted in an upward curvature suggests that the dorsal compartment of the wing may be more sensitive to SIN3 knock down than the ventral compartment. The percentage of curly winged flies was similar regardless of which RNAi targeting construct was used, indicating that the curly wing phenotype was due to loss of SIN3 and not the result of an off target effect (Table 1) . Variability in the penetrance of the phenotype observed using different driver lines as well as the different UAS-SIN3 RNAi lines (Table 1) is likely due to variability in amount of production of dsRNA.
To verify knock down of SIN3 protein expression, wing imaginal discs isolated from larvae of a cross that produced high penetrance of the curly wing phenotype were immunostained with antibody to SIN3. The staining intensity of SIN3 knock down wing discs was much lower than control wing discs suggesting efficient knock down of SIN3 (compare Fig. 2B to D and F). The SIN3 staining pattern reflected the GAL4 expression pattern as expected (Supplemental Fig. 1 ). The Ser-GAL4 driver expressed GAL4 throughout the wing disc at different times in development, largely consistent with, but in a pattern somewhat broader than the reported expression pattern of serrate (Bachmann and Knust, 1998; Yan et al., 2004) . Bx-GAL4 expressed GAL4 predominantly in the wing pouch area (Zeng et al., 1998) . In addition, western blot analysis of whole cell extracts prepared from SIN3 knock down wing discs indicates that there was a decrease of SIN3 protein upon RNAi induction (Fig. 2G) . The results indicate that production of dsRNA against SIN3 in the wing imaginal disc resulted in less SIN3 protein and led to an altered phenotype in the adult wing.
We next tested if the SIN3 knock down wing phenotype could be modified by deficiencies in other proteins known to be important in regulation of histone acetylation. RPD3 is the catalytic subunit of the SIN3 complex responsible for HDAC activity (Hassig et al., 1997; Laherty et al., 1997; Zhang et al., 1997) . PCAF is a KAT that carries out the reverse reaction to deacetylation (Yang et al., 1996) . Mutations in the Drosophila PCAF homolog dGcn5 affect cell proliferation in wing imaginal discs and lead to abnormal adult wing development (Carre et al., 2005) . We asked if the SIN3 knock down curly wing phenotype could be modified by a 50% reduction in the amount of either RPD3 or PCAF by crossing SIN3 knock down flies to flies carrying deficiencies of either of these histone acetylation regulatory factors. Progeny of these crosses are deficient for The penetrance of the curly wing phenotype for each genotype is indicated by the (À) or (+), refer to Table 1. SIN3 and heterozygous for either RPD3 or PCAF. Reduction of RPD3 in a SIN3 knock down background did not further enhance the curly wing phenotype, which is already near 100%, nor did it lead to any additional wing phenotypes (Fig. 3) . Reduction of PCAF suppressed the curly wing phenotype as only 63% of the flies had curly wings compared to 91% of the SIN3 knock down alone (Fig. 3) . We tested three additional PCAF chromosomal deficiencies (Df(3L)ED4483, Df(3L)ED215, Df(3L)ED4486) as well as three specific alleles (Pcaf Q186st, Pcaf C137T and Pcaf DT280-F285). All but one of these PCAF mutations were able to suppress the SIN3 knock down curly wing phenotype ( Fig. 3 and data not shown). Unexpectedly, the two Pcaf alleles that suppressed the curly wing phenotype are hypomorphs, while the Pcaf loss of function allele, Pcaf Q186st, did not suppress the phenotype. One possible explanation for the different activities of the alleles is presented in the work by Mottus et al. (2000) . The authors suggested that the hypomorphs may act in a dominant negative manner while another similar protein, another KAT in this instance, may be able to substitute for a null allele. The results suggest that SIN3 and regulated histone acetylation are critical for normal development of wing tissue.
SIN3-deficiency leads to smaller wings
To further investigate the role of SIN3 in wing development, we analyzed the overall size of both the larval precursor and adult tissue. Loss of SIN3 resulted in smaller wing imaginal discs and smaller adult wings. In flies carrying the Ser-GAL4 driver, SIN3 knock down discs are 5% smaller than wild type (wild type n = 93, SIN3 knock down n = 121, p < 0.01). We also measured the overall size of the adult wing blade in the progeny of crosses using different wing imaginal disc GAL4 drivers. SIN3 knock down adult wings were reduced in size relative to control wings (Fig. 4A ). About 3% of the SIN3 knock down wings also showed veination defects including thinner veins and an incomplete L5 vein (Fig. 1F) .
To determine if the reduction in wing size was the result of fewer cells, we calculated the number of cells in a defined area of the wing. Each cell in the adult wing blade has a single bristle. We counted the number of bristles in a fixed area. The number of cells in the fixed area of the adult wing was reduced from an average of 34 in control to 24 in the SIN3 knock down wings (Fig. 4B) . Loss of SIN3 thus results in fewer cells and overall smaller adult wings.
SIN3 knock down wings show a cell cycle defect
Given our finding that the SIN3 knock down larval wing discs and adult wings were smaller, we asked whether we could detect a cell cycle defect in the SIN3 knock down wing discs. To assay cell proliferation, we first monitored whether EGFP-marked clones could be produced when the amount of SIN3 was reduced by RNAi. EGFP-marked clones were randomly generated using the heat shock Flip-out system (Struhl and Basler, 1993) . The SIN3 knock down clones were fewer in Fig. 3 -The SIN3 knock down curly wing phenotype can be genetically modified. Adult flies of the indicated genotypes were scored for straight or curly wings. SIN3 KD represents flies having a recombined chromosome carrying both the Ser-GAL4 and UAS-SIN3
RNAi-I transgenes (refer to Section 4). The curly wing phenotype is suppressed by a reduction of Pcaf. The range of n values for each genotype is 87-883, average n = 254. Error bars represent standard deviation. p < 0.01 comparing SIN3 KD and Ser-GAL4/UAS-SIN3 RNAi-II to control, and SIN3 KD; Pcaf Df to SIN3 KD. (Fig. 5) . Furthermore, SIN3 knock down clones were not found in discs isolated from larvae that were heat shocked early in development (data not shown). The lack of clones in the SIN3 knock down discs suggests that SIN3 is important for either cell proliferation or cell viability. We next assayed the number of cells in mitosis by immunostaining wing imaginal discs with antibody to phosphorylated serine 10 of histone H3 (H3PS10). Phosphorylation of serine 10 of histone H3 is a hallmark of initiation of mitosis (Hsu et al., 2000; Wei et al., 1999) . Compared to control wing discs, SIN3 knock down wing discs showed reduced staining with antibody to H3PS10 (Fig. 6A-D) . We analyzed staining in discs using the Bx-GAL4 driver that leads to predominant SIN3 knock down in the wing pouch area (Fig. 2F) . We compared the staining intensity of the pouch and non-pouch area the disc. Each area of an individual disc was assigned a score from 0 to 4 to indicate the overall level of H3PS10 staining (Fig. 6E) . In the pouch, 24% of the SIN3 knock down wing discs did not stain at all for this mark, whereas only 5% of control discs lacked pouch staining. 37% of control discs showed maximal staining compared to 0% of the SIN3 knock down discs. The staining in the rest of the disc was similar between control and SIN3 knock down, although the staining in the SIN3 knock down discs was somewhat reduced relative to controls. The difference in staining in the area outside of the pouch is likely due to the low level of GAL4 expression (and thus SIN3 RNAi induction) in areas outside of the pouch (Supplemental Fig. 1H ). These results indicate that loss of SIN3 leads to a reduction in the number of mitotic cells present in wing imaginal disc tissue. To determine if the number of cells in S phase was affected in the SIN3 knock down discs, we performed BrdU staining. We did not observe any difference in the BrdU staining pattern of control and SIN3 knock down discs (data not shown), indicating that the number of cells in S phase in not altered following loss of SIN3.
A key regulator of the cell cycle in wing imaginal disc cells is the protein STG (Neufeld et al., 1998a) . STG is a protein phosphatase critical for the G2/M transition in the mitotic cell cycle . We previously determined that loss of SIN3 in tissue culture cells results in reduction of stg mRNA (Pile et al., 2003) . To determine the relative difference in stg expression between control and SIN3 knock down tissue culture cells, we analyzed gene expression by real time quantitative reverse transcription PCR (RT-qPCR) analysis. We further sought to determine whether a similar reduction of stg expression occurred in the SIN3 knock down wing imaginal disc cells. To carry out these analyses, we compared the relative amounts of stg mRNA isolated from control and SIN3 knock down wing imaginal discs by RT-qPCR. We found . As in Fig. 3 , SIN3 KD represents flies having a recombined chromosome carrying both the Ser-GAL4 and UAS-SIN3
RNAi-I transgenes.
that, relative to wild type, stg mRNA levels were reduced in SIN3 knock down tissue culture cells and discs (0.6-fold) (Fig. 7A) . Loss of SIN3 thus results in reduced expression of the critical cell cycle regulator STG. We hypothesized that the observed reduction of cell proliferation upon loss of SIN3 in both tissue culture and wing imaginal disc cells is the result of decreased STG expression. To test this hypothesis, we forced expression of STG in the wing imaginal disc using two different UAS-STG transgenes. We observed a suppression of the curly wing phenotype in SIN3 knock down flies that carry either UAS-STG construct (Fig. 7B) . The suppression was specific to the UAS-STG transgenes as a UAS-GFP transgene did not suppress the SIN3 knock down curly wing phenotype. We hypothesized that the difference in the amount of suppression observed using the two different UAS-STG constructs was due to variability in the amount of STG produced by each of the expression constructs. To test this idea, we analyzed the amount of stg mRNA isolated from wing imaginal discs of the various flies by RT-qPCR. In the flies carrying the UAS-STG transgenes we observed elevated stg mRNA levels (40-fold and 12-fold) (Fig. 7C) . The amount of suppression correlated with the amount of STG overexpression from the two UAS-STG constructs. As SIN3 knock down resulted in elevated stg expression from the UAS-STG construct (compare stg levels in SIN3 KD, UAS-STG flies to the levels in Ser-GAL4, UAS-STG flies), it is possible that SIN3 is involved in regulation of transcription from either the Ser-GAL4 or UAS-STG transgene. If this is the case, then loss of SIN3 will result in elevated transcription from the UAS enhancer. The finding that elevation of STG levels did not fully suppress the curly wing phenotype is possibly due to the fact that the expression of STG from the transgenes is not coupled to the normal cell cycle control of STG expression. Alternatively, SIN3 may also regulate the cell cycle by STG-independent pathways. These data strongly suggest that the curly wing phenotype is, in part, the result of down regulation of STG upon loss of SIN3. This down regulation of STG may lead to cell cycle arrest of some of the wing imaginal disc cells.
We also tested the effect of STG overexpression on overall adult wing size. SIN3 knock down wings are smaller than those of wild type flies (Fig. 4A) . Wings of flies heterozygous for STG (stg EY12388 ) were also found to be slightly smaller than wild type flies. Overexpression of STG in the context of the SIN3 knock down wing imaginal disc cells resulted in restoration of the size of the adult wing blade to that of control wings as well as restoration of cell number (Fig. 4) . Taken together, the data suggest that SIN3 works in concert with STG to regulate cell proliferation.
To further investigate the link between SIN3 and G2/M cell cycle progression, we overexpressed Cdk1 (DmCdc2) in the background of the SIN3 knock down wing imaginal disc cells. Cdk1 is an important regulator of the G2 to M transition and is the target of the STG phosphatase . Similar to overexpression of STG, overexpression of Cdk1 suppressed the curly wing phenotype in the SIN3 knock down flies (Fig. 7B) . In addition, induction of SIN3 RNAi in the background of a fly that is heterozygous for Cdk1 (cdc2 c03495 ) resulted in a more aberrant wing phenotype than that of the SIN3 knock down flies alone ( Fig. 7D and E) . The SIN3 KD/ cdc2 c03495 flies had wings that can be categorized into three major groups. One group had wings that were comparable to the SIN3 KD flies (25%), another group had much more curly wings (30%, Fig. 7D ), while the rest had straight wings with serrated edges (Fig. 7E) . The observed genetic interactions between SIN3 and Cdk1 further support our hypothesis that SIN3 works with G2 to M cell cycle regulatory factors to promote cell proliferation.
Discussion
Sin3 is an essential gene required for both embryonic and larval development (Neufeld et al., 1998b; Pennetta and Pauli, 1998; Sharma et al., 2008) . To investigate the role of SIN3 in the context of proliferating tissue, we designed an RNAi-induced conditional knock down allele to reduce expression of SIN3 in a non-essential organ. Loss of SIN3 from wing imaginal disc cells resulted in a number of observable phenotypes, including smaller imaginal discs and smaller, curly adult wings. The SIN3 knock down curly wing phenotype could be modified by reduction in the level of PCAF, a KAT enzyme that carries out the opposing reaction to histone deacetylation. The curly wing phenotype was also partially suppressed by overexpression of the cell cycle regulatory factors STG and Cdk1.
% Of Total Wing Discs
SIN3 and proteins associated with the SIN3 complex have been linked to cell cycle regulation in multiple model systems. Loss of Drosophila SIN3 or RPD3 in tissue culture cells resulted in loss of cell proliferation (Pile et al., 2003) . SIN3 has also been implicated in cell survival or proliferation during eye development, as generation of homozygous null SIN3 clones resulted in scars across the eye (Neufeld et al., 1998b ). In mouse model systems, genetic knock out of mSin3a from embryonic fibroblasts resulted in loss of cell proliferation (Cowley et al., 2005; Dannenberg et al., 2005) . Knock out of mSin3b from mouse embryonic fibroblasts resulted in loss of ability of the cells to exit the cell cycle at the start of differentiation (David et al., 2008) . Recent work has indicated that mSin3 is recruited to cell cycle regulated E2F4 target genes in terminally differentiated myoblasts to keep these genes in a repressed state (van Oevelen et al., 2008) . In this study we observed that reduction of SIN3 in wing imaginal disc cells resulted in fewer mitotic cells in the wing disc and fewer cells in the adult wing (Figs. 4 and 6 ). In addition, consistent with the previously performed genetic null clonal analysis, we found that conditional knock down of SIN3 by RNAi results in either no clones or fewer and smaller clones, depending on the time of induction of clone formation (Fig. 5) . These results suggest that SIN3 is required for cell proliferation and/or cell survival in the context of a developing organism, as well as in tissue culture cells.
Loss of SIN3 in both tissue culture cells and wing imaginal disc tissue results in a decrease of stg mRNA expression (Fig. 7A) (Pile et al., 2003) . Overexpression of STG in the background of SIN3 knock down is able to partially suppress the small wing and curly wing phenotypes (Figs. 4 and 7) . STG is a key regulator of the cell cycle, specifically of the G2 to M transition O'Farrell, 1989, 1990) . Loss of STG in clones in wing imaginal discs resulted in loss of cell proliferation while overproduction of dE2F resulted in increased STG expression and accelerated cell proliferation, thus implicating dE2F as a transcriptional activator of stg (Neufeld et al., 1998a) . stg has also been shown to be regulated at the level of transcription by the action of the activator Pointed and the repressor Tramtrack 69 (ttk69) (Baonza et al., 2002) . Additional activators including eyes absent and Sine oculis were found to bind to the stg regulatory region in eye imaginal disc cells (Jemc and Rebay, 2007) . Taken together, these results suggest that stg expression is likely regulated by the combinatorial action of multiple activators and repressors, the binding of which may vary with cell cycle stage and tissue (Lehman et al., 1999) .
Because SIN3 is a transcriptional corepressor and loss of SIN3 leads to reduced stg expression rather than activation of stg, we hypothesize that the effect of SIN3 on stg gene expression is indirect. One possible model to explain this effect is that loss of SIN3 leads to an increase in expression of a repressor of stg. If this model is accurate, then loss of this repressor may be able to suppress the SIN3 knock down curly wing phenotype. A second possible model is that loss of SIN3 leads to increased acetylation of a transcription factor necessary for appropriate stg expression. Numerous transcription factors, including p53, have been found to be acetylated (Spange et al., 2009) . Acetylation of these factors can affect protein stability, localization, interactions with other proteins and DNA binding activity (Spange et al., 2009 
SIN3
RNAi-I ) wing imaginal discs were stained with DAPI to visualize the DNA and antibody to phosphorylated serine 10 of histone H3 (H3PS10). (E) A numeric value corresponding to the staining intensity was assigned to the pouch and to nonpouch area of the disc for each wing disc (0-4). The graph represents the percentage of wing discs in each category. Control n = 38, Bx-GAL4; UAS-SIN3 RNAi-I n = 42.
test the possible models linking SIN3 and STG are currently underway.
We also observed genetic interactions between SIN3 and Cdk1, the substrate of STG and another important G2/M regulatory factor. Overexpression of Cdk1 suppressed the SIN3 knock down curly wing phenotype (Fig. 7B) . A reduction of Cdk1 levels using the cdc2 c03495 allele resulted in enhanced abnormal adult wing morphology as compared to the SIN3 mutants alone (Fig. 7D and E) . Cdk1 must be dephosphorylated by STG in order for cells to pass from the G2 to M phase of the cell cycle O'Farrell, 1989, 1990; Moreno and Nurse, 1991 Overexpression of STG does not fully suppress the SIN3 knock down phenotype, possibly because not all cells in larval wing imaginal discs are sensitive to ectopic STG expression (Kylsten and Saint, 1997; Milan et al., 1996b) . Consistent with a cell type specific response to STG, we found that STG overexpression in tissue culture cells is unable to suppress the strong RNAi-induced SIN3-deficient cell proliferation defect (data not shown). It is also possible that other factors interact with SIN3 to affect wing morphology. We are conducting experiments to identify other novel factors in the SIN3 regulatory network that may contribute to the role of SIN3 in development.
The SIN3 complex is one of the two major class I HDAC complexes conserved from Drosophila to human (Ayer, 1999) . Our results have uncovered a genetic link between transcription repression by SIN3 and G2/M cell cycle progression by STG and Cdk1. Further investigation of this interaction is expected to shed light on the role that histone acetylation plays in the regulation of cell proliferation and differentiation.
4.
Experimental procedures 4.8.
Determination of wing area
The area of wings was determined using ImageJ software.
Determination of cell number in the wing
Bristles were counted in a 2 · 2 cm 2 area of the image of the dorsal side of the wings, captured at 80· magnification, between veins L4 and L5.
Reverse transcription PCR assay
Total RNA was extracted from wing discs isolated from wandering third instar larvae using the RNeasy mini kit (Qiagen). cDNA was generated from total RNA using the ImProm-II Reverse Transcription System (Promega) with random hexamers. The cDNA was used as template in a quantitative real-time PCR (qPCR) assay. The analysis was performed using ABsolute SYBR Green ROX master mix (Fisher Scientific) and carried out in a Stratagene Mx3005P real-time thermocycler. The following primers (oriented 5 0 to 3 0 ) were used: STG F (AACACCAGCAGTTCGAG) and STG R (CCATAGCTGGCA-GAATCTTC); TAF1 F (GTGGAGGAGCCAAGGGAGCC) and TAF1 R (TCCCGCTCCTTGTGCGAATG). Drosophila S2 cell culture and RNAi was carried out as previously described (Pile et al., 2002) .
Statistical analyses
The significance of all data was calculated using the student t-test from http://www.graphpad.com/quickcalcs/ index.cfm.
